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ABSTRACT

An extensive series of tests have been conducted in a

large (10' x 20') vacuum chamber to investigate the feasibility

of using the ambient air at a pressure level of 6 x 10-7 to

10-4 Torr as propellant in a Space Electric Ram Jet. During

most of the tests, a low current discharge (.5 - .05 amps) was

used, howev.:r performance was also measured under pulsed (high

current) conditions. Unambiguous time of flight measurements

indicate an exhaust beam velocity of about 40,000 ma/sec under

pulsed operation. Beam ion flux rates of up to several milli-

amperes per square meter were detected 14 ft from the engine

when the discharge operated in the low current mode and probe

measurements indicated that they had energies of close to 1000

volts (exhaust velocities Z100,000 m/sec). No erosion could

be detected on the electrodes after more than 300 firings over

a period of 3 days.
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1. INTRODCT ION

The ability to use the ambient air as propellant in a

Space Electric Ram Jet can have very great advantages for low

orbit satellite propulsion systems. Experiments that are

directed towards finding the best method of accomplishing this

have been :onducted under this contract over the past 18

months. During a series of tests in a small test cell evacu-

ated to 10-8 Torr, a unique type of electrical discharge was

obtained and some of its characteristics investigated. The

electrodes consist of a cylindrical anode, about 1.3 inches

in diamete- and 1.3 inches long, . spiral grid, and a centrally

located coated tungsten filament. The discharge is initiated

by heating the catho&e with a current pulse fzom a condenser tank.

This releases the adsoribcd mass from the filament as well as a

flood of electrons. At potentials of under 1,500 volts between

the anode and filament a space charge limited electron current

flows that is usually under 20 milli-amperes. At higher poten-

tial drops a much higher current is observed (1/2 to 1 1/2 am-

peres). This current transitions discontinuously down to the

space charge limited current at a critical potential difference,

which depend primarily upon the initial ambient pressure. It is

postulated that a significant fraction of this high current is

carried by ions. These ions are produced by inelastic collisions

of the high energy electrons with gas atoms released from the

cathode as well as with atoms adsorbed on the anode surface.
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Some cathode heating occurs from ion bombardment of the

filament. However, this is not adequate to form a self-sustain-

ing discharge, hence the discharge current decays to zero as

the filament heating current falls off.

There appears to be a rough proportionality between

current and voltage in the discharge, with

V/I = 3,400

when the applied magnetic field is zero.

When a solenoidal magnetic field is applied, several

effects occur. The current level decreases as the magnetic

field strength increases. This is in accordance with our under-

standing of current flow perpendicular to a magnetic field.

The magnetic field causes the charged particles to spiral around

the field lines and thus increases the impedance to current flow

between the electrodes. The interaction observed among the

discharge current, the filament heating current, and the magnetic

field strength is complicated and, at present, not understood.

Also, oscillations induced in the discharge current by the mag-

netic field have been observed and have not been identified.

The small size of the test cell raised the question as to

whether the walls of the chamber affected the discharge. This

is likely to be so especially when the magnetic field is applied.

In order to study the discharge when the walls of the vacuum

chamber were large enough to ensure that they could have only

negligible influence upon the discharge, an experiment was

conducted in a 10' x 20' vacuum chamber. The results of these

experiments are reported here.
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2. EXPERIMENTAL STUIMES

A series of tests were conducted earlier with an axi-

symmetric accelerator consisting of an NRC vacuum gauge with

a solenoidal magnetic field mounted over it. These tests were

conducted in a small evacuated glass chamber (• l litre volume)

and the results are reported in AFOSR-TR-75-*0253.

Because of the small volume a strong possibility existed

that some interaction could occur between the discharge and the

walls of the vessel. Also, the chamber was so small that no

accurate measurement of a time of flight could be made to ob-

tain some estimate of the particle velocity in the exhaust beam.

Accordingly, a series of tests were planned and conducted in a

large volume facility, using the same engine configuration as

in the earlier tests and covering the saone range of operation

parzneters.

2.1 Experimental Egui~ment and Set-Up

In the San Diego Tests

A vacuum chamber located at the Ccnvair Aerospace Division

of General Dynamics in San Diego was used for the tests. The

specifications for the chamber "A" are given in Table I. Because

of the time and cost involved in pumping down and repressurizing

the chamber, it was decided to accomplish as many tests as pos-

sible with only one pumpdown. This required that special pre-

cautions be taken to ensure that no malfunction of any part of

the electrical or mechanical equipment in the tank could occur.
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Duplicate erqineo were mounted in the tank and four ion detec-

tors were positioned downstream of the source. The placement

of these components are shown in Figure 1. A photograph of the

duplicate source (engine) is shown in Figure 2. The ion det-

ectors were all identical and a photograph of one is shown in

Figure 3.

A great deal of care was taken to maintain the noise level

in the detector circuits at a very low level. All electrical

connections between the tank and the instrumentation were made

with #8 shielded amphenol cable. A special feed-through plate

was designed and constructed whici' ensured that shielding con-

tinued through the Lank walls and also that no ground loops

could occur in the tank. A photograph of the feed-thru plate

is shown in Figure 4.

All of the electrical and diagnostic equipment needed for

the test was assembled in a mobile laboratory from which all tests

were conducted on the site. A schematic of the electric circuit

for the ion source (engine) is shown in Figure 5. All the shields

for the cables, the chassis and the instrumentation were grounded

on a common bus inside the mobile laboratory to minimize ground

loop effects.

The circuits for the ion detectors were designed to measure

accurately picoamperes of beam current impinging on the detector

faces. The circuits used are shown schematically in Figure 6.

The detector consisted of a thin wall outer cylindrical nickel
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electrode 3 cm in diameter by 2 cm long and a central solid

copper electrode 1 cm in diameter and 2 cm long. These elec-

trodes were rigidly mounted in a plexiglass plate and the elec-

trical connections to the leads were burif-d in the plexiglass.

The polarity was such that the outer electrode would collect

ions and the inner one the electrons.

2.2 Experimental Results from San Diego Tests

During a period of 3 days over 300 data points weze taken.

The first series of tests were conducted to determine the rela-

tion between the discharge current and voltage when no mangetic

field was applied. Typical current-voltage traces are shown

in Figure 7, a,b,c.

In Figure 7b, picture 18, a breakdown is seen to occur

when the capacitor was charged to only 2500 volts. Incipient

breakdowns are also seen in Figure 7c. Originally, it was thought

that these breakdowns were occurring at the high-voltage feed-

throughs, since no breakdown- had been observed in the small

volume device, even at potential differences of 8,000 volts.

However, subsequent tests combined with a detailed examination

of the current voltage traces lead to the conclusion that the

breakdown is almost certainly occurring between the electrodes

of the engine. It is tentatively assumed that this breakdown

is associated with the formation of cathode spotr.

A series of current voltage traces are presented next in

Figure 8a,b,c,d for increasing magnetic field strength. As the
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field is increased in strength, the peak current is reduced

and the length of the current pulse increased.

The signals from two ion current probes, numbers 3 and 4

are shown in Figure 9a,b,c, for different potential drops be-

tween the electrodes on the probe. A number of observations

can be made.

a) For low potential drops the signal is negative.

b) The signal appears to last only during the time
that the discharge current is increasing.

c) The signals appear to have come 60 hz. modulation
in them.

d) The signal strength becomes assymtotic as the poten-
tial across the collector electrodes is increased.

The signals from two probes were monitored as the magnetic

field strength was increased in the next series of tests. Repre-

sentative signal traces are shown in Figure 10a,b,c. The signal

strength continued to increase as the magnetic field strength

was increased.

In the final test series the dis-harge current voltage

traces as well as the prube traces were monitored as the ambient

pressure was increased. Signal traces are shown in Figure lla,

b,c,d,e. for various pressures. At the higher pressure end, the

discharge current and probe signals develop some high frequency

oscillations. It is possible that these oscillations are assoc-

iated with volume ionization processes. Also, it should be noted
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that the duration of the probe signals increases with the

ambient pressure, so that atpressures of over 5 x 10 torr.

the probe signals persist throughout the total time of the

discharge. A high speed picture of the oscillations on the

probe signals are shown in Figure 12. The frequency of the oc-

cillations is close to 6,000 hz.

Many attempts were made to obtain a time of flight mea-

surement for the ions between two of the probes. The only time

that unambiguous signals were obtained was when the discharge

broke down. Two such traces are shown in Figure 13.

Although great care was exercised to ensure that the

engine test configuration for the San Diego test be identical

to that of the engine used in the small test cell, sora differ-

ences did occur:

a) The long cables in the San Diego tent had a
significant resistance so that more energy was
required in the filament capacitor to obtain
the same filament temperature.

b) The connectors at the terminals of the pins from
the NRC ionization gauge were potted in epoxy for
the San Diego tests. Whis reduced the interelect-
rode resistance to 10 ohms. Ordinarily, this
should not have much influence upon the perform-
ance. However, some surprising differences were
noted and they are investigated in the next section.
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2.3 Experiments to Determine the Influence
of the Grid Electrode

An NRC ionization gauge type 507 was used as the ion

source in all of the experiments discussed in this and in the

previuus report AFOSR-TR-75-0253. This gauge consists of a

thin nickel cylindrical electrode 1.4" in diameter and 1.4"

long. A tungsten wire is wound into a 9 turn helix of .45"

diameter to form a grid electrode. Near the centerline a

V-type oxide coated filament is supported at one end from 2

posts and held taut by a spring wire at the other end.

During all of the tests reported the grid electrode was

left floating. However, in the San Diego tests all of the

electrode connections extending through the gauge tube were

potted in epoxy, giving an interelectrode resistance in the

order of 109 ohms.

In order to assess what role, if any, is played by the

grid in determining the current-voltage characteristics of the

discharge, a series of tests were conducted using the discharge

tube in the one litre evacuated chamber. In the first series

no magnetic field was used, the 4L4.f discharge capacitor was

charged up to 4000V and the filament was heated with the .06

farad capacitor bank charged to 30 volts. The results are

shown in Figure 14.

- on trace #C the grid was left floating

- on trace #10, the grid was connected to the anode

- on trace #11, the grid was connected to the cathode

8



- on trace 12, the grid was connected tV the cathode

as in #11, but the current gain was increased and

the sweepspeed reduced.

A second series of tests was conducted to investigate the

influence upon the discharge of connection of an external resist-

ance between the filament and the grid. All connections between

the ion source and the laboratory equipment were made through

the cables used at San Diego, including the feed through plate.

This required that the filament capacitor bank be charged to

about 36V instead of 30V to get comparable cathode heating. The

results are shown in Figure 15.

- iAn picture #1 the grid was left floating

- in picture #2 the grid and one side of the

filament at the discharge tube used in the San

Diego tests was connected in parallel with the

grid and filament of the discharge tube in the

one litre chamber

- in picture #3, the connections were identical to

those in picture #2, only the sweep speed was

reduced. This picture also helps to indicate the

reproducibility of the measurement

in picture #4 a 10 resistor was connected

externally between the grid and filament.

9



A third series of tests were conducted at a lower

discharge voltage with the capacitor being charged to 2000V.

All connecti.ons between the ion source end the laboratory equip-

ment was made through the cables used at San Diego, including

the feed-through plate. The filament capacitor bank was hence

charged to 35 volts. The results are shown in Figure 16.

- on trace #1 the grid was left floating

- nn trace #2 a 109 ohm resistor was connected

between the grid and the filament

- on trace 43 the grid and one side of the fila-

ment from the discharge tube used in the San

Diego tests were placed in parallel with the grid

and filament of the discharge tube in the one

litre chamber.

- on trace #4 a trace from the tests at San Diego

fired under identical conditions is shown for

comparison.

10



2.4 Data Correlation and Discussion of Results

Since the phenomena being investigated are novel,

correlation parameters are not readily available. However,

whenever possible we will attempt to present the data in such

a form that it can be related to familiar physical phenomena.

2.4.1 Current-Voltage Characteristics vs
Applied Magnetic Field

Typical current-voltage curves are plotted ii, Figure 17.

The space-charge limited current curve, as determined from

measurements on the small 1 litre device, is indicated. The

current rises to a value 8-10 times as high as this cu~rrent and

then decays along a curve roughly parallel to the space charge

curve. This can be expressed analytically as

3/2I = 91 -- V )/9 1 o
0

S9x .026 (-) 3/2 2-1

-~.234 
V 3/2

The peak current is not regular and can vary widely Eor

the same initial conditions. This is probably due to the amount

of air adsorbed on the anode being different from firing to

firing. At times, breakdown occurred with the capacitor charged

to only 2500 volts, at other times a 'normal' discharge would

occur when the capacitor was charged to 4000V. The amount of

11



scatter that occurs can be seen in Figure 18. Some reference

curves are shown to indicate the relative magnitude of the

impedance of the discharge.

Several major differences can be noted between these

results and those obtained in the small test cell. The voltage

at which the current discontinuity occurs here is 300-400 volts.

In the small test cell it was 1400-2000 volts. After in the

scope traces from this series of tests, oscillations in current

occur at the current discontinuity, whereas none were observed

in the tests in the small test cell. As noted earlier, break-

downs occurred fairly often at relatively low discharge potentials

in the tests at San Diego; only rarely did breakdown occur ir. the

swall test cell.

The current is higher than the space charge limited cur-

rent because of space charge neutralization by ions. It is

assumed that these are ions of oxygen and nitrogen, produced on

the anode surface by electron bombardment of the adsorbed layer.

Depletion of the layer reduces the ion production rate and is

responsible for the current peaking and then decaying. If the

layer is dense and perhaps many atoms thick, then the current

continues to build up and can lead to breakdown. Since the true

breakdown current is hundreds of amperes, it is postulated that

a cathode spot forms on the filament.

12



2.4.2 Current-Voltage Characteristics-
Applied Magnetic Field

As can be seen from thescope traces in Figure 8,

applying a solenoidal magnetic field profoundly affects the

discharge current. The following effects are noted:

- the peak current continues to drop as the magnetic

field strength is increased

- a time interval develops during which the

current rises slowly even thouqh the potential

is dropping.

This time interval increases as the magnetic field

strength is increased.

the total time between discharge initiation and

current cut-off increases as the magnetic field

strength is increased

some relatively low frequency, low amplitude oscil-

lations develop during the period of slow current

rise. The frequency is approximately 425 hz

- small bursts of much higher fr*quency oscillations

occur at the higher magnetic field strengths

- the discontinuity in current becomes larger as

the magnetic field strength is increased

- when the magnet capacitor is charged tc over 45

volts (peak magnetic field of about .0750 Tesla)

13



a low current "breakdown" occurs, rather

late in the discharge. The peak "breakdown"

current increases as the magnetic field

strength is increased

- the current rise rate before breakdown is much

smaller than expected, indicating the onset of

some new phenQonenon at some critical magnetic

field strength

- on the traces where the low current breakdown is

observed the ion current measured on the down-

stream detectors decreased at least an order of

magnitude. This, and the previous observation

could be interpreted to mean that both ion pro-

duction and acceleration downstream has ceased.

If this is so, however, the low current "brcak-

down" must represent the onset of ion production

with no downstream acceleration, since no signals

were received on the downstream detectors at the

time of the "breakdown".

Some of the gross effects of the magnetic field upon the

discharge are summarized in Figure 19. The "average" impedance

of the discharge is seen to rise about a factor of 3-4 over the

range shown and the peak current is decreased about a factor of

5-6. The A t used in preparing Figure 19 was theetime between

the shoulder of the curve rise curve (at = 35m sec) and the

current discontinuity.
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The magnetic field strength was measured with a gauss-

meter and found to be .00325 Tesla/amp. This combined with a

measurement of the magnet current as a function of time permits

the determination of the instantaneous magnetic field strength.

This is presented in Figure 20.

The discharge impedance during current rise is shown in

Figure 21 as a function of the magnetic field strength for var-

ious times from initiation of the discharges. While the impe-

dance is seen to increase with the magnetic field strength, it

also appears to decrease as a function of time. It should be

noted that this cannot be due to the fact that the magnetic field

strength is decreasing with time, since the instantaneous values

of the magnetic field strength were used in plotting the data.

A similar plot is shown in Figure 22 for the time when the cur-

rent is decaying. Since some process dependent upon time appears

to be important in determining the impedance of the discharge the

time at which peak current occurs was investigated and its depen-

dence upon the magnetic field strength is shown in Figure 23. A

number of efforts were made to find correlation parameters. The

best is shown in Figure 24. During current rise the quantity

Vt/I is found to be a monatonic function of the applied magnetic

field strength. During current decay, the quantity Vt,/I is

approximately the same monatonic function of the magnetic field.

It should be emphasized that this is purely an empirical corre-

lation and is only approximate. However, some speculation re-

garding the time dependent process occurring during current

15



build-up cannot be avoided. Some candidates are:

- the filament temperature is increasing due to

the conibined effects of filament and discharge

current. This provides more electron emission

and consequently the current rises.

the ion production rate is increasing with time

and the current build-up is primarily ion current.

In this regard, for reasonably strong magnetic field

strengths (over 0.03 Tesla), the current starts

out considerably below the space charge limited

current at 35 milli-sec and increases to peak

"values several times greater than the space

charge limited current.

2.4.3 Ion Current netector Signals

The ion current probes were designed to measure the ion

flux rate impinging on the detector cross-section. Instrumenta-

tion requirements necessitated, unfortunately, that the probes

be connected, through the input impedance of the scope to the

same ground point to which the cathode of the ion source was

connected. If the plasma produced by the source was dense

enough to permit a conducting path between the source and the

detector, then signals could occur that need not be representative

of the ion beam current. Signals could result from any one of

the 4 following phenomena:

16



a plasma beam impinges on the detector. The

electrons are collected on the central electrode

and the ions are collected on the outer cylindri-

cal electrode. A positive signal results.

the plasma is dense and is tied to ground poten-

tial, thus grounding both electrodes of the

detector. A positive signal results.

the plasma is dense and is tied to the anode

potential of the source, thus raising the detector

electrode to a high positive potential. A negative

signal results.

when the ion energy exceeds the potential across

the detector electrodes, ions can bombard the

central electrode and be neutralized by secondary

electron emission. A negative signal results.

There are probably other sources of signals, such as

noise, pick-up in the leads, etc.

Since the tank was grounded it is likely that the plasma

would come closer to ground potential than any other. This would

rule out negative signals resulting from a plasma at a high posi-

tive potential. On the other hand, any signals resulting from

the plasma tending to ground the detector electrodes would not

depend upon the magnitude of the resistance in the detector cir-

cuit. Since measurements indicated the signals were proportional

17



to this resistance, we will tentatively assume that plasma

shorting effects did not occur. This leads to the following

interpretation:

- positive signals measure the plasma beam flux

rate upon the detector.

negative signals indicate bombardment of the

central electrode by high energy ions.

Two detectors were monitored simultaneously on the scope.

In order to get maximum sensitivity they were connected so that

a positive signal deflected the upper trace downward and the

lower trace upward.

A standard operating point was chosen and the signal

measured on probes 3 and 4 as the potential between the electrodes

was increased. The results are shown in Figure 25. For low

potential differences the signals are negative, indicative of

bombardment of the central electrode by high energy ions. As the

potential difference is increased the signal reverses and its

magnitude rises until it becomes asymtotic at about 1000V poten-

tial between the probe electrodes. It is not immediately clear

why the signal from probe 4 is larger than that from probe 3

which is nearer to the source. This is probably because probe 2

is in the line of signt between the source and probe 3. An

alternate explanation could be that the beam is denser off-axis.

Because of the angular momentum in the beam this could be the

case. The maximum signal on probe 4 is indicative of an ion flux

of:
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J = Vprobe

R Aprobe

.32 amps

106 x 707 x 10 m

4 m.a.

m

In Figure 26 the probe signal is shown as a function of

the applied magnetic field strength. The signal is seen to rise

rapidly as the strength of the magnetic field is increased. The

maximum signal on probe 4 is indicative of an ion flux rate of

1.6 x 10+3 m.a. m.a.

106 x 7.07 x 10-4 m2  m2

Towards the end of the testing period the tank pressure was

slowly increased and measurements taken every half decade in pres-

sure. The current-voltage characteristics did not change signi-

ficantly until a pressure of over 3 x 10-5 Torr was reached. At

that point high amplitude, high frequency oscillations occurred

in the discharge current. These oscillations were also observed

in the probe signals. The magnitude of the probe signals increased

with the pressure as is seen in Figure 27. The peak signal on

probe 4 is indicative of an ion density of

6.5 x 103 m.a. 9.2 m.a.-4 6 2 9. 2

7.07 x 10-4 x 106 m2
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At the lowest pressure the signal on the probes lasted

for only about 40-60 milliseconds after the initiation of the

discharge currents whereas the discharge lasted for about 140

milliseconds. As the pressure was increased, the length of

the signal, as well as its magnitude, increased. Once the high

frequency oscillations started the probe signal lasted as long

as the discharge current.

The significance of the 60 hz noise on the probe traces

is not understood and is being investigated.

2.4.4 Time of Flight Measurement

Many efforts were made to make a time of flight measurement

using the probe signals. Most of these were done using probes 1

and 4, which were separated by 4.27 meters. If the beam velocity

were equivalent to ions with and energy of 1000 volts the velocity

would be

v = (21el V) 1 2

mI

2 x 1.6 x 10- 1 9 x 1000 )1/2

14 x 1.67 x 10-27

= 117000 m
sec

The time of flight would be

4.27
117000

= 36.5/,4.sec.
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When no breakdown occurred, there was never any sharp enough

signal to use for a time of flight measurement. However, some

fairly unambiguous signale were obtained when breakdown occurred.

It should also be noted that these signals were of a very high

amplitude ( 103 larger than without breakdown). A time of

flight of about 1 0 0 A*4.sec. is indicated on picture #93 of

Figure 13.

4.27v =
10

m
-42,700 sec

This is equivalent to a specific impulse of 4360 sec. The

particle energy (assuming a nitrogen ion) is
mv 2

V= 2  = 133 volts.
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2.4.5 The Influence of the Grid Upon the

Discharge Characteristics

The phenomena observed here are very puzzling and

considerably more work is needed to clarify the physics. The

observations can be summarized as follows:

- in the small test cell whenever the filament

is connected to the grid through any resistance

from 0 to 109 ohms, the discharge is suppressed

and only the space charge limited current flows

(See Figs. 14, 15, 16 and 17).

- when the filament and grid from the source used

in San Diego are connected in parallel across

the filament and grid of the sources in the

small test cell, the discharge is suppressed and

only space charge limited current flows, even at

applied potentials of 4000V.

- when the grid is shorted to the anode the peak

current is increased by about a factor of 2 and

decays along a curve parallel to the space charge

neutralized current but at a current level about

30 times higher (see Fig. 17).

No experiments were conducted during the San Diego tests

with the grid. It was floating at all times, except for some

high resistance path to the plate or filament through the epozy

in which all leads were potted.
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3. CONCLUSIONS

1. A discharge occurred without fail every time

the filament was impulsively heated.

2. The impedance of the discharge was significantly

lower than occurred during the tests in the small

glass chamber at Technion.

3. Large ion and electron flow rates (beam plasma)

were found to occur 15' downstream of the accel-

erator. From the measurements of detector (probe)

current versus the probe potential difference, it

was deduced that the particle energy in the beam

exceeded several hundred electron volts.

4. Breakdown was observed to occur many times at

"San Diego, when either the discharge potential

or the magnetic field strength was increased

beyond rather modest values. A large pulse of

plasma was accelerated downstream at a velocity

of about 45,000 m/sec when breakdown occurred.

The current that flows during breakdown has not

been accurately measured.

5. Time of flight measurements made when breakdowns

occurred indicated that the beam particles had an

axial velocity of over 40,000 m/sec.

6. At the typical conditions chosen for many of the

tests the discharge current flows for about 140

milliseconds. At an ambient pressure of 6 x 10-7
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Torr, the beam current, as measured by probe 4,

15 ft (4.27m) from the source, lasted only 40-60

milliseconds. As the pressure was increased to

10-4 Torr the duration of the beam current signal

increased in length until it lasted as long as

the discharge.

7. Considerable scatter in the current-voltage char-

acteristics of the discharge occurred when all

controllable electrical parameters were kept

identical. This is attributed to the variability

of the surface coverage of adsorbed air. For

example, with an applied discharge potential of

3000V the peak current varied from .52 amperes

to .85 amperes to breakdown. During the tests,

no attempt was made to control or monitor the time

between pulses hence large variations in surface

coverage could occur from point to point.

A number of important differences in the discharge

characteristics occurred between the tests conducted in San

Diego and those conducted in the small chamber at Technion.

These are listed below.

1. The impedance of the discharge, when no magnetic

field was applied, was lower in the San Diego

tests.

2. When a solenoidal magnetic field was applied,

the impedance of the discharge increased much
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more rapidly at San Diego than at Technion.

3. The critical voltage for discharge extinction

was much lower at San Diego than at Technion,

4. Once the discharge extinguished at 2,:ecnnion a

thermionic current of 10-25 m.a. continued to

flow for many milliseconds at Technion. In

San Diego, there appeared to be no current flow

after discharge extinction.

5. The discharge tube was potted in epoxy for the

San Diego tests. This resulted in an impedance of

109- ohms between the filament and the grid of

the discharge tube. At Technion the pins from the

grid were exposed to air and the impedance between

the filament and grid was probably several orders

of magnitude higher.

6. When the grid to filament impedance of the San

Diego discharge tube was connected in parallel to

the grid and filament of the tube at Technion, the

discharge was radically altered. The peak current

was reduced by about a factor of 4-5 and no current

discontinuity occurred. No condition could be found

under which the discontinuity would occur although

the discharge capacitor and charging voltage were

varied over a wide range.
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CHARGING
SWITCH

INAGNET 10 rO- s° AGNET
POWERSUPPLY

TO SCOPEI , . 6f. 
INPUTS

100 AMP.* CURLRENT MAGNET CURRE-NT
CHARGING SHIUNT SIGNAL
SWTTCH

4 VOLTAGE ,DIVIDING

10 i.CIHARGING RESISTOR 10 '- NETWORK

DISCHARGE DISCHARGE VOLTAGE
PMER SUPPL DISCHARGE- - TUBE SIGNAL

VV

100 , I-_ FILVl NT CURRENT
-- ' .[ I0 . 11 SIGNAL

START CU,,."
"SWITCH ShU.

5 xl1-5 DISCHARGE CURRENT
CURRENT SIGN'AL

- GT00--Io SHUN-T

PGWER SUPPLY V

FIG. 5 SCHEMATIC OF DISCILARGE TUBE ELECTRIC CIRCUIT.



DETECTOR

1.0 .fL
8.f. - -- SCALE
- 1" "-f--0SELECTOR

->~~ , I0 -oSWITCH

S07 0
SWITCH

D.C. POW'ER SUPPLY_ 10 4 sL.

"" CHARGING € 6 >
RESISTOR 10. 6

SCOPE TO DIFFERENTIAL

INPDT - APLIFIER OF §COPE

FIG. 6 SCHELMATIC OF DETECTOR CIRCUIT.
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i Date 1-28-7,5 Experiment

Picture # 15 Capacitor
Charging

Voltages

Discharge IQo0 V

Filament 35 V
gnet0 V

Uppeik Trace

Signal Discharoe +Voltage
k l1nncnm 500 V
Time/cm. 10 m. sec.

U. Lower Trace0 -
SignAl Discharge. Current
Ampl/cm. 100 m.a.
Time/cm. 10 m. sec.

Discharge- Capacitor

Pressure -4.6 x 10 Torr.

Picture # 16 Capacitor

Charging
Voltages

Discharge 1,500 V
Filament 35" V
Magnet . .0•,, V

Upper Trace,

'Signal Discharge Voltage
Afnpll/cm. 500 V
Time/cm. 10 -m. sec.

- Lower Trace-

Signal Discharge Currernt
Amp /cnm. 100 m.a.
Time/cm. 10 m. sec.

Discharge Capacitor

Pressure = 4.6 x 10 Torr.

"Figure 7a. Characteristic Current-Voltage Traces-
No Applies Magnetic Field.
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Date 1-28-75 Experiment __

)Picture # 17 Capacitor
Charging
Voltages

SDischarge 2,000 V
Filament 35 V
Magnet . 0 V

Upper Trace

Signal =.DiAgrbxVoltage
Ampl/cm. son v
Time/cm. 1...J0~..jc

Lower Trace

Signal ..lh gCurrent
Amnpl/cm. n .0

Time/cm. 10 M, sec.

Aimscharge-Capacipor,
Pressure 4.6 x 10

* )
Picture Lia Capacitor

Charging
Voltages

Discharge 2,500 V

Filament 35 V
Magnet 0 V

Upper Trace

Signal h Voltage
Ampl/cm. 1.000 v
Time/cm. 10- m. sec.

Lower. Trace

Signal Discharge Current
Ampl/cm. 200 m.a.
Time/cm. 10 m. sec.

Discharge Capacitor

Pressure 4.6 x 10 Torr.

) Figjure 7b. (Continued)



Date 1-28-75 Experiment ",_...__,___

Picture- # 4__1 Capacitor
"Charging
Voltages

-Discharge -3.000 V
Filament '35 V
Magnet 0 V

Upper Trace

Signal Discharge Voltage
Anpl/cm. 1,000 V
Time/cm. 10 m. sec.

Lower Trace

Signal Discharge Current
Ampl/ýcm. 200 m.a.
Time/cm. 10 m. sec.

Discharge Capacitor
S.. . .. . .. "-7 J _ -

-Pressure = 4.6 x 10 Torr.

20 m. sec. delay

Picture # 42 Capacitor
Charging
Voltages

Discharge 3,000 V
'Filament 35 V
Mignet, 0 V

Upper Trace

Signal D h Voltage
:,Ampl/cm. 1.000 V

"Time/cm. 10 m. sec.

Lower Trace

Signal Discharge Current
Axnpl/cm. 400 m.a.
Time/cm. 10 mi. sec.

*~Discharge Capacitor

Pressure = 4.6 x 10 Torr.

20 m. sec. delay

Figure 7c. (Continued)



Date 1-29-75 Lxperiment

SPicture # 1 Capacitor Charging Voltages

Upper Detectpr _ V

DIschxarge .. •, -'Q V
Filameint 35__3. V
Magnet _ 0 _ V

UPper Trace

Signal Discharge Voltage
AAmpl/&n. 500 VW
Time/cm. 20 m. sec.

-Lowier Trace

Si'gnai .Discharge Current
Am pl/cm. 100 m.a.
Time/cm. 10 m.,sec.

fDlcharge Capacitor

. .. . .esure = 6.0 x 10 Torr.

Picture 1 Capacitor Charging Voltages

Uppe -e•tector _ _ V
Lowc;: Detector 'V
Discharge 2.000Q V
Fi lament .35 V
Magnet '0 V

!Jiper Trace

Siginal . .'Discharge Voltage
Ampl icm. .,500 V ,

Time/cm. 20 m. sec.

Lower Trace

Signal Discharge Current

Ar.pqlcro. 100 mi.a.
-Time/cm. 20=m. sec.

S D'ch".rg:e Cpacitor A

Prec-ure = 6.0 x

Figure 8a. Characteristic Current Voltage Traces -
Applied Magnetic Field.



f Date 1-29-75 Experiment

Capacitor Charging Voltages

) Picture -2

Upper Detector '- V
Lower Detector V
Discharge -21000 V
Filament 35 V
Magnet 10 V

Upper Trace

Signal Discharge Voltage
Ampl/cm. 500 V
Time/cm. 20 m. sec.

Lower Trace

Signal Discharge, Cu-rent
Ampl/cm. 100 m.a.,
Time/cm. 20 m. sec-

-Discharge-z;Capacitor 41

Pressure -. 6.0 x 1 Torr.

Capacitor Charging Voltages
Picture #3

Upper Detector _ V
Lower, Detector V
Discharge ._ 2,00 V

Filaieint, 35 V
Magnet I,_ __ V

Upper TraceI
Signal Discharge Volta e
Ampl/cm. 500 V

Time/cm. 20 m. sec.

Lower Trace

Signal Discharge Current
Ampl/cm. 100 m.a.
Time/cm. 20 m. sec.

Discharge Capacitor

Pressure 6.0 10 i0 Torr.

Figure 8b. (Continued)



Date 1-29-75 Experiment __

Capacitor Charging Voltages
Picture ~P4

Upper Detector V
Lower Detector V V
Discharge 2,000 V_
Filament 35 V
Magnet T1. V .

Upper Trace

Signal .ign 11nl•tage
Ampl/cm. ,
Time/cm. •0

Lower Trace

Signal c14rhaip • 2Current
Ampl/cm. -40 m•.a.
Time/cm. 20.m. sec.

- Discharge--Capacitor. 4-,4

"Pressure = 6.0 x 10-T~rrI

PcrCapacitor Charging VoltagesPicture #5

Upper Detector V
Lower Detector V
Discharge 2,0uu V
Filament 35 V
Magnet 172 V

Upper Trace

Signal Discharge Voltage
Arnpl/cm. 500 V
Time/cm. 20 m. sec.

Lower Trace
Signal Discharge Current
Ampl/cm. 40 m.a.
Time/cm. 20 m. sec.

Discharge Capacitor 4
Pressure = 6.0 x I0- •Orr,

Figure 8c. (Continued)



Date 1-29-75 Experiment_

Capacitor Charging Voltages
Picture #,,."6

Upper Detector V
Lower Detector V
Discharge 2.000 V
Filament 35 V
Magnet 20 V

Upper'Trace

Signal Discharge Voltage
Ampl/cm. 500 V
Time/cm. 20 mi sec.

Lower Trace

Signal Discharge Current
Ampl/cm. 40 m.a.
Time/cm. 20.m. sec.

bDischarge Capacitor

Pressure = #;n a inj 7 Torr.

Picture # 7 Capacitor Charging Voltages

Upper Detector . V
Lower Detector V
Discharge- 2.000 V
Filament 35 V
Magnet 224 T

P•er Trace

Signal Diceb-aOg iani.oe 4
Ampl/cm. ,a•nv .

Time/cm. 2n

Lower Trace
Signal Discharse Current
Ampl/cm. 40 m.a.
Time/cm. _ 20 m. sec.

Discharge Capacitor 4
Pressure = 6.0 N 10 Torr.

)
Figure 8d. (Continued)



Date 1-29-75 Expbriment

• PcuCapacitor Charging VoltagesPicture #10

Upper Detector . V
Lower Detector V
Discharge 2.000 V
Filament 35 V
Magnet. 30 V

-U2per Trace

Signal bigcharge Voltage
Ampl/cm. 500 V'
Time/cm. 20 m. sec.

Lower Trace

Signal Dischare lCurrent
Ampl/cm. 40 m.a.
Time/cm. 20 m. sec.

Discharge Capacitor 4

Pressurie 16.- Torr.

Capacitor Charging Voltages.
Picture # 11

Upper Detector ,,__V_-__
Lower Detector V
Discharge 2,000 V
Filament 35 V
Magnet 3Z . V

Upper Trace

Signal Discharge Voltage
Ampl/cm. 500 V
Time/cm. 20 m. sec.

Lower Trace

Signal Discharge Current
Ampl/cm. 40 m.a.
Time/cm. 20 m. 8ec.

Discharge Capacitor
Pressure = 6 0 7/ Torr

Figure 8e. (Continued)
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Date 1-;29-75 Experiment

Capacitor Charging Voltages
' 9) " Picture 0L

Upper Detector Vý

Lower Detector V
Discharge 2.000 V
Filament 35 V
Magnet 45 V

Upper Trace

I Signal Discharge Voltage
I Ampl/cm. 500 V
I Time/cm. 20 m. sec.

I Lower Trace.

Signal Discharge Current

Ampl/cm. a
Time/cm. 20 m. sec

Discharge Capacitor

Pressure = 6.n io -"orr.,

).

Capacitor Charging Voltages
Picture #.

'Upper Detector -I000 V
Lower Detector _ O 1.0 V
DisCharge 2.000 , V
Filament 35 V

Magnet 4_ _ V

Upper Trace

Signal Detector 3
Ampl/cm. 00 gmV -

Time/cm. j 20 ..3 .

Lower Trace
SSignal ,.,Detector 4

Axnpl/cm. 500 -TnV

Time/cm. 20 m. sec.

: Discharge Capacitor 4

. Pressure 6.0 x 10 Torr.

Figure 8f. (Continued)



Date 1-29-75 Experiment

-Capacitor Charging Voltages
' P) -icture # 64 A

Upper Detector V
Lower*Detector _____V

Discharge,, 2.000 V

Filament 35 V
Magnet 47½ V

Upper Trace

Signal Discharge Voltage
Ampl/cm. Soo V"

LI Time/cm. 20 m. sec.-

Lower&-Trace

Signal Discharge Current
Ampl/cm., 40 m.a.
Time/cm. 20m- sec.

--DischargeýCapacitor.
Pressure -6.0 x 10 7 r.

40 m. sec.. delay

S)

"Capacitor Charging Voltages

Picture #LJ

Upper'Detector 1,0 V,
Lower Detector 1.000 V
Discharge 2,000 V
TFilament 7 35 . V
Magnet 1474 V

Upper Trace
• ~Signal-. r3ecn

Ampl/cm. 100 mV
Time'/cm. 20 m, 4•ec.

Lower Trace

Signal Detector 4
Ampl Icm. 5,0_ 0 m_.
Time/cm. 20 m. sec.

Discharge Capacitor

Pressure 6.0 x 10:7 orr.

40 m. sec. delay

Figure 8g. (Continued)



Date 1-29-75 Experiment _

Capacitor Charging Voltages,
Picture # 63A

Upper Detector ,, _ V
Lower Detector ,_ V
Discharge 'Z- nO V
""Filament 35 V
Magnet 50 V

Uper -Trace
Signal Dischars'e IVoltage

Ampl/cm. 500 Vu IL % .' Time/cm. 20m ic_
•Lower Trace

Signal ,ischarge Current
Ampl/cm.. 40 m.a.-*
"T•imelcm. 20 m. sec.

Discharge Capacitor 4,

Il ei s- dr 6 " b K

Capacitor Matrging Voltages
Picture 7. L6 3 B

Upper Detector
Lower Detector - V
Discharge .2000 V
Filament 35 V
Magnet 5, V

Upper-Trace

Signal nrnr -
Ampl/cm. in- my
Time/cm. 20'm. qP1e

Lower- Trace

Signal Detector -4
Ampl/hm. 500+,mV

Time/cm. 20 m. sec-.

Discharge Capacitor 4 Op

Pressure =6.0 x 1 orr.,

Figure 8h. (Continued)



Date J;]29-75 Eperiment

Capacitor Charging Voltages
Picture #, 70

Upper Detector 0 V
Lower Detector _0 V
Discharge 9 0O0 V
Filament 35 V

gnet , 30_ V
40

Upper Trace

Signal Detector 3
Ampl/cm. 10 MV 10.n.
"Time/cm. 20 m. sec.

-Lower Trace

Signal Detector 4
Ampi/cm. 50 mV -10~.^l.
Time/cm. 20 m. sec.

!Discharge .Capacitor-

Pressure = 6.0 x 10- Torr.

Capacitor Charging Voltages
Picture.# 71

74 Upper Detector 100 V
Lower Detector .100 V
Discharge 2,000 V

Filament 35 V
Magnet 30 V

Upper Trace

Signal Detector
"Ampl/cm. 10 mV 10 -...
Time/cm. 20 m. sec.

'Lower Trace

Signal Detector 4
Ampl/cm. 50 WV__0___ .
Time/cm. 20 m. sec.

Discharge Capacitor

Pressure =6.0 x 10 Torr.

Figure 9a. Probe Signals for Various Potential Drops
Across the Probe Electrodes.



j. ~Date 1-29-75 Experiment _______________

Capacitor Charging Voltages
Picture # 74

Upper Detector 400 V
Lower Detector .400 V
Discharge 2.000 V
Filament 35 V
Magnet 30 V

Upper Trace

* Signal Detector 3
SAmpl/cm. 10 mV /e•-

Time/cm. 20 m. sec.

. Lower Trace

Signal Detector 4
Ampl/cm. 50 mV iO&
Time/cm. 20 m. sec.-

Discharge Capacitor

Pressure = 6.0 x 10- Torr.

Capacitor Charging VoltagesPicture 75

"Upper Detector " V
Lower Detector o V
Discharge 2,000 V
Filament 35 V
Magnet 30 V

Upper Trace

Signal Detector 3
Ampl/cm. 10 mV /O .s&i-
Time/cm. 20 m. sec.

Lower Trace

Signal Detector 4
Ampl/cm. 50 mV i _

$1 Time/cm. 20 m. sec.

Discharge Capacitor y7

Pressure = 6.0 x 10 Tort.

Figure 91. (Continued)



Date 1-29-75 Experiment

Capacitor Charging Voltages
Picture # 80

Upper Detector 1 ,000 V
Lower Detector 1,000 V
Discharge 2.000 V
Filament 35 V
Magnet 30 V

Upper Trace

Signal Detector 3
Ampnpl/cm. 20 mV I/0.-
Time/cm. 20 m. sec.

Lower Trace

Signal Detector 4
Axnpl/cin. 100 mV ' tpý^1 -.
Time/cm. 20 m. sec.p

Discharge Capacitor 4

Pressure =6.0 l To0 Torr.

Picture _81 Capacitor Charging Voltages

Upper Detector 1,100 V
Lower Detector 1,100 V
Discharge 2,000 V
Filament 35 V
Magnet 30 V

Upper Trace

Signal Detactor
Ampl/cm. 20 W
Time/cm, 20 m. sF.

Lower Trace

Signal Detector 4
Ampl/cm. 100 mV 2.4.a-A
Time/cm. 20 m. sec.

Discharge Capacitor 44

Pressure =6.0 x 10 7 or

Figure 9c. (Continued)



J
Date 1-29-75 Experiment

Capacitor Charging VoltagesSPicture #51

Upper Detector 1,000 V
Lower Detector 1,000 V
Dischar-ge 7:o __ V

- , Filament 35 V
_.•-_Magnet ., 0 . .. V

Upper Trace

Signal Detector 3
Ampl/cm. 2 mv

Time/cm. 20 m. 'sec.

'•. ) Lower_._7Ace

iignr.1 Detector 4: • •pl/cm. ,, W

T-ime/cm. 20 m. sec.

Discharge Capacitor 4

Pressure = 6.0 x 10, Torr.

Capacitor Charging Voltages
Picture # 5.1,2

Lower Detector 1,000 V•.-.• . .. owper Detecto2r 1.000 V

Discharge- 2,000 V"
Filament 35 V
Magnet 5 V

Upper Trace
Signal Detector 3

Ampl/cm. 2 mV
Time/cm. 20 m. sec.

Lower Trace

"Signal Detector 4
W I Ampl/cm. 5 WV

Time/cm. 20 m. sec.

. Discharge Capaci t or 4f.,/.
S• ~ ~Pressure =.6.0 x 10-7/•r

Figure 10a. Probe Signals for Various Magnetic
Field Strengths.



Date -2975 Experiment

Capacitor Charging Voltages
Picture # 56

Upper Detector 1,000 V
Lower Detector 1.000 V
Discharge 2,o00 V
Filament 35 V
Magnet 20 V

Upper Trace
S Signal Detector 3

SAmpl/em. 20 mV
Time/cm. 20 m. sec.e

| Lower Trace

DSignal Detector 4Ampl/cm. ,50 mV

! Timelcm. 20'm. sec.

Pressure =6.0 x 10 Tor.

Capacitor Charging Voltages
Picture U e1

Upper Detector 1,000 V

Lower Detector 1,000 V
Discharge 2,OQO V
Filament 35 V
Magnet 25 V

Upper Trace

Signal Detector 3
Ampl/cm. 50 mW
Time/cm. 20 m. sec.

Lower Trace

Signal Detector 4
Ampl/cm. 100 mV

Time/cm. 20 m. sec.

Discharge Capacitor _+4 /
-774

Pressure = 6.0 x 10 'orr.

Figure 10b. (Continued)



__.__Date ]_-29-75 Experiment __

Capacitor Charging VoltagesV |Picture # 60

Upper Detector 1,000 V
Lower Detector 1,000 V
Discharge 2.000 V
Filament 35 V
Magnet 35. V

Upper Trace

Signal Detector 3
* Ampl/cm. 100 mV

Time/cm. 20 m. sec.

Lower Trace

Signal Detector 4
Ampl/cm. 500 mV
Time/cm. 20 m.sec.

7 L Discharge Capacitor

Pressure -6.0 x 10-7 Torr.

Pcr Capacitor Charging Voltages• Picture #

Upper Detector V
Lower Detector V
Discharge V
Filament V
Magnet V

Upper Trace

Signal
Ampl/cm. .,.
Time/cm.

Lower Trace

Signal
Ampl/cm.
Time/cm.

Discharge Capacitor--

Pressure = Torr.

Figure 10c. (Continued)
I



Date 1-30-75 Experiment

Capacitor Charging Voltages"\ Picture #54 A

Upper Detector _ V
Lower Detector V
Discharge 2.000 V
Filament 35 V
Magnet 30 , V

S~Upper Tra~ce
Signal Discharge Voltage

Ampl/cm. 500 V
Time/cm. 20 m. sec.

I Lower Trace

Signal Discharge Curren t
Ampl/cm. 40 m.a.
Time/cm. 20 m. sec.

Discharge Capacitor

Pressure 1 10. 6  Torr.

Picture # 54 B Capacitor Charging Voltages

Upper Detector 500 V
Lower Detector 500 V
Discharge 2,000 V
Filament 35 , VSMagnet 30

Upper Trace

Signal Detector
Ampl/cm. 500 mV
Time/cm. 20 m, sec.

Lower Trace
Signal Detector 4

Amp 1/cm. 10m , ^
Time/cm. 20 m. sec.-

Discharge Capacitor

Pressure = 1 x 10"6

.II

Figure lla. Probe Signals for Various Ambient
Pressures.



Date 1-30-75 Experiment

* Capacitor Charging Voltages
Picture # 57 A

Upper Detector V

Lower Detector V
Discharge 2.000 V

Filament 35 V
Magnet 30 V

Upper Trace

Signal Discharge Voltage
AAmpl/cm. 500 V
"Time/cm. 20 m. sec.

Lower Trace

Signal Discharge Current
Ampl/cm. 40 m.a.
Time/cm. 20 m. sec.

Discharge Capacitor

Pressure = 3 x 10 Torr.

Capacitor Charging Voltages
Picture # 57 B

Upper Detector 500 V

Lower Detector 500 VDischarge 2,000 V

Filament 35 V
Magnet 30 V

Upper Trace
Signal Detector 2

SAmpl./cm. 2 V,

Time/cm. 20 m. sec.

Lower Trace

Signal Detector 4
-Ampl/cm. 100 W
Time/cm. 20 m. sec.

Discharge Capacitor

Pressure = 3 -10 6  Trr.6

Figure ]i!b. (Continued)



Date 1-30-75 Experiment

Capacitor Charging Voltages
Picture # 59 A

Upper Detector . Vi

.. ower Detector V
Discharge 2.000"V
Filament 35 V

Magnet 30 V

Upper Trace

Signal Discharge Volta
Ampllcm. 500 V
Time/cm. 20 m. sec.

Lower Trace

Signal Discharge Curren
Ampl/cm. 40 ... a.

Discharge Capacitor 4

Pressure = 1

Capacitor Charging Voltages
Picture # 59 B

Upper Detector 500
Lower Detector 500 V•
Discharge Q.0
Filament 35 Vi
Magnet- 30

Upper Trace
Signal _ _tector_2_ _

Ampl/cm. 20 V
Time/cm. 20 m. sec.

Lower Trace
Signal Detector 4

Ampl/cm. 1 V

Time/cm. 20 m. sec.

Discharge Capacitor 441

Pressure = 1 x 10 .•

Figure l1c. (Continued)



Date 1-30-75 Experiment

Capacitor Charging Voltages
) Picture !' 62 A

-9r. • Upper Detector V
Lower Detector V

6 Discharge 2, nnn V
|,Filament ,35 , ,V

Magnet 30 V

Upper Trace

Signal Discharge Voltage
Aiupl/cm. 500 V
Time/cm. 20 m. sec.

) • Lower Trac~e

Signal DischarRe Current

Time/cm. 20 m. sec.

Discharge Capacitor 4 '

Pressure= 3 x 10 - rr

)
Capacitor Charging Voltages

Picture #_62 B

Upper Detector 500 V
Loier Detector 5 0 0  V
Discharge 2,000 , V

Filament 35 V
Magnet 30 V

Upper Trace
Signal Detector 2

'++ ~Ampl/cm. .20 V ''i-

Time/cm. 20 m. sec..

Lower Trace

Signal Detector 4
Aznpl/cm. Ad
Time/cm. 20 m. sec.'

Discharge Capacitor
Pressure , i n-5 iorr!

Figure lid. (Continued)



Date 1-30-75 Experiment __

Capacitor Charging Voltages
Picture # 67 A

Upper Detector V
Lower Detector V
Discharge 2_00_ _ _ V
Filament 35

SMagnet , 0V

I Upper Trace

Signal Discharge Voltage
Ampl/cm. 4500 V
Time/cm. 20 m. sec.
Lower Trace. + '
Signal Dischari'e Current

, I Ampl/cm. 40 m.a.
STimelcm. 20 m. see. •

Discharge Capacitor 4 jO

Pressure -- 1 x 10 Torr.

Capacitor Charging Voltages
Picture 67 B

Upper Detector 500 V
Lower Detector 500 V
Discharge 2.000 "V
Filament j5 V
Magnet 30 V

Upper Trace

Signal Detector 2
Ampl/cm. .5 V-
Time/cm. 20 m. see.

Lower Trace

Signal Detector 4
.Ampl/cm. 0.5 V +•

Time/cm. 20 mn. sec.

Discharge Capacitor j4z 4-4 /!]Pressure 1 x l0 "orr.

Figure lie. (Continued)



Date 1-30-75 Experiment

) PcCapacitor Charging Voltages: •Picture #68

Upper Detector 500 V
Lower Detector 500 V
Discharge 2QQO V
Filament 35 V
Magnet 30 V

Upper Trace

Signal Detector 2! ~Ampl/cm. 5 V /•.

"Time/cm. .1 m. sec,.

Lower Trace

Signal Detector,4
Ampl/cm. 0.5 ,
Time/cm. .1 m. sec.

Discharge Capacitor 4 'y,

Presure 1 x 10-

40 m. sec. delay

Capacitor Charging Voltages
Picture #-j

.# Upper Detector 500 V
Lower Detector 500 V
Discharge 2,000 V
Filament 35 V
Magnet ,V

Upper Trace
Sigral Detector 2
Amp1/ct,ý 5
Time/cm. 50A. see.

Lower Trace

Signal Detector 4
Ampl/cm. 0.5 V
Time/cm. 50A. sec.

Discharge Capacitor
Pressure = 1 x 10 0o

•) 40 m. sec. delay

Figure 12. High Frequency Oscillations in the Probe
Signal at High Ambient Pressure.



Date 1-28-75 Experiment_,..,____

Capacitor Charging Voltages
') Picture A 92

Upper Detector 500 V
Lower Detector 500 V

N Discharge "nnn V
Filament 35 V•- • Magnet: 20 V •

Upper Trace

Signal Detector 1
Ampl/cm. 300 V lI't..
Time/cm. 0.2 m. sec.

Lower Trace

Signal Detector+
Ampl/cm. 1 "
Time/cm. 0.2 m. sec.

"Discharge Capacitor

"Pressure = 4.6 x 107 Tort.

Pcre Capacitor Charging Voltages: Picture #93

Upper Detector 500 V
Lower Detector 500 V
Discharge 3000 V
Filament 35 V
Magnet 20 V

Upper Trace

Signal Detector 1
Ampl/cm. 50 V IOtf-..
Time/cm. ifla .. sec.

*.Lower Trace-

Signal Detector +
Ampl/cm. 50 V lo-+-fL
Time/cm. 100 .. sec.

Disch .'ge Capacitor 4

Pressure = 4.6 x 10" orr.

Figure 13. Probe Traces For Determining Time of Flight.



SDate 3-14-75 Experiment Grid Influence on Discharge

Picture #_I ._ Grid Floating. Capacitor
) - Charging

- Voltages

Discharge 4000 W4A.f.
Filament 30 V

Magnet 0 V

Upper Trace

Signal Voltage
Azpl/cm. 1000 V
Time/cm. 5 m.sec.

Lower Trace

Signal Current
Ampl/cm. 286 m.a.
Time/cm. 5 m.sec.

Picture #10 Grid Shorted to Plate(Anode) Capacitor
Charging
Voltages

Dischirge 4000. V 4M~.
-Filament V
Magnet 0 V

Upper Trace

Signal Voltage

Ampl/cm. 7050 V
Time/cm. 5 m.sec.

Lower Trace

Signal Current
Ampl/cm. 286 m.a.
Time/cm. 5 m.sec.

)
Figure 34a. Influence of Grid Potential on the Discharge

Characteristics.



Date 3-14-75 Experiment Grid Influence on Discharge`

Picture i1 Grid Shorted to Filaieht Capacitor
Charging
Voltages

Discharge 4000 V4p4.f.
Filaent30 V

Magnet 0 V

Upper Trace

Signal Voltage
Ampl/cm. _ 000 v
Time/cm. 5 m.sec.

Lower Trace
SSignal Current

Ampl/cm. ._286 msa.
Time/cm. .. 5Mesec.

Picture # 12 Grid Shorted to Filament Capacitor
Charging
Voltages

Discharge a000 v ý4,f .
Filament 30 V
Magnet 0 V

Upper Trace

Signal Voltage
Ampl/cm. 1000 V
Time/cm. 20 m.sec.

Lower Trace

Signal Current
Ampl/cm. 97-.2 m-a.
Time/cm. * 20msec.

)
Figure 14b. (Continued)



Date 3-15-75 Experiment a.rid Influence on Discharge

Picture # 1 Capacitor
Charging
Voltages

Discharge 4000 V".f.
Filament 36 V .06f.
Magnet 0 V

Upper Trace

Signal Voltage
,Anpl/cm. 1000 Volts

Time/cm. 5 m.sec.

Lower Trace

Signal Current
Ampl/cm. 200 m.a.
Time/cm. 5 m.sec.

GRID FLOATING

Picture # _2 Capacitor
Charging
Voltages

Discharge 4000 V

Filament 36 V .06f.
Magnet 0 V

Upper Trace

Signal voJtagLý
Ampl/cm. 1000 volts
Time/cm.

Lower Trace

Signal Current
Ampl/cm. 40 m.a.
Time/cm. 5 m.sec.

GRID-FllANENT FROM SAN DIEGO DISCHARGE
TUBE CONNECTED IN PAPALLEL WITH GRID-
FILAMENT OF DISCHARGE TUBE.

Figure 15a. Influence of the Grid to Filament Resistance
on the Discharge Characteristics.



Date 3-15-7.5 Experiment Grid Influence on Discharge

) Picture # 3 Capacitor
Charging
Voltages

Discharge 4000 "V4f4
Filament 36 V.06f.•

i Magnet 0 V

"Upper Trace ii,
Signal vo a&A

AAmpl/cm. "1000 volts
Time/cm. _ _-

Lower Trace

Signal Current
Ampl/cm. 40 m.a.
Time/cm. 20 m.sec.

""GRID-FILANENT FROM SAN DIEGO DISCHARGE TUBE
"CONNECTED IN PARALLEL WITH GRID-FILANENT OF
DISCHARGE TUBE

Picture #- Capacitor
Charging
Voltages

Discharge 4000 V4 f..
Filament 3 V .06f.
Magnet 0 V

"Upper Trace

Signal Voltage
Ampl/cm. l000 V0ots
Time/cm. 20msc

Lower Trace

Signal Current
Ampl/cm. 40 m.a.
Time/cm. 20 m.sec.

) 10 o01S ACROSS GR1D-FILAM-NT

Figure "sb. (Continued)
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DISCHARGJE ClHARACTERISTICS- VS PO1ETtlitIAL -bkOPF OF DISCHARGE CAPACITOR
* .9

BREAKDOWIN CANM'OCCUR
DUE TO CATHODE SPOT

V8Y - '35 VOLTS FORMATION. ?

Vm - 0 VOLTS 1

0 VOLTAGE AT PEAK CURRENTw

)~VOLTAGE ONl CAPACITOR

0 *4

V=AG AtPA x R-/1 T

aa ?
F/ATO

0'- 00 100 500 000 500 3000 350

04000
Figre 18.VOLAGE0,NDISMRG CAACIOR N VLT
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PROBE SIGNALS VS POENT]AL D1FFERENiCE
ON 'PROBE ELECTRODES

280

V S 2000 VOLTS
D

VF 35 VOLTS

V 30 VOLTS
240Rp 10601S

R~ HMSPROBE -,,4

200

160

•120

'0 0

: ~80 -

...

•.-, ' •PROBE t•3 .0H -

40

80

S.
* .•o , I , Itl , _ l . !.. .. I _. - _.

-40"

I T

-0 1201-

200 400 0 ..Soo 1000 1200 1400

Figure 25., POTENTIAL ACROSS POInOiE ELECTRODES VOITS



PROBE SIGNALS IS APPLIED MACNETIC FIELD STRE.iGE1

VD = 2000 VOLTS

F = 35 VOLTS -

1 .6 Vp = -'000iVOLTS -

-Rp = '106 OIS

° /
PROBEIP 4/

1'1 .2/

BREA-D , DUE TO

CATHODE, SPOT

T 0

' -4

3 0.68

H

CIO0.6

0,4.,

0.2 -

0 10
0 10 20 30 40 IL 60

Figure 26.VOLTAGE ON' %MGNETTC FIELD CAPACITOR



PROBE SIM•iS VS CHAIBER PRESSURE

SVD 2000 VOLTS
V; 1 3VOLTS

-- 30 VOLTS

V P 500 VOLTS z100 
0 6

0 m 1 H

PROBE #20

SS s J ROBE # 4 -

C0'

10"7 10-6 10 -5 10-4

Figure 27i CIt&MBER PRCSSUP, E INI TOILS.



GENERAL DYNAMICS TALE T

Convair Aerospace Division Chamber B was used.

DESCRIPTION
SPACE SIMULATOR, SPACECRAFT TESST LABORATORY

General D-namics Convair Aerospace Division
San Diego, California

Internal Dimensions Chamber "A" 12 ft. diam, 19 ft. long horizontal cylLider.
Chamber "B" 11 ft. diam, 22 ft. long horizontal cylinder.

Pumps
Mechanical 3 to 6, 280 CFM each
Diffusion Chamber "A'* 3-15,000 11s, mercury diffusion

Chamber "B" 2-95,000 l's, oil diffusi6n
1-9500 CFM, oil diffusion (booster)

Traps Chamber "A" -40°F freon phis LN9 Chevron
Chamber "B" cliillc• J12 0 manifold plus LN2 Chevron

Net Speed (from chamber) Chamber "A" 6000 1/s
Chamber "B" 80,000 to 95, 000 1/s

Chamber Air Conditioning 500 CFM, -100F dowpoint, 60-700F, absolute filters.

Vacuum Chamber "A" 1 x io-5 Torr ultimaite pressure
"0 Chamber "B" <1 x 10.7 Torr ultimate pressure

with cold wall

Data A 200 guarded-ch•nnel data system is capable of recording
on either or both punched tape and printed tape at 5 points
per second. Computers and plotters are available for date
reduction. Guarding ,and isolation of instrnmentation pro-
vides high accuracv acO.lasition of millivolt signals from
thermocouples, etc.. 100 guarded copper constantan and an
additional 100 copper wire passthroughspare available.

Thirty land lines to the Analog and Digital Computer Laborz.
tories provide system control or additional data handling.

Location General Dynamics Convair Aerospace, Spacecraft Test
Laboratory, Bldg. 2S, 'San Diego, California, Telephone

277-8900, Ext. 2221.


